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PURPOSE:To desalt sea water efficiently by bringing LNG and sea water into direct contact with each other 
to produce hydrate, decomposing the same under reduced pressure, converting the same to ice and 
separating ice from the sea water. 

CONSTITUTION:Sea water 1 1 is pumped 12 into a crystallizing tank 1 3, where the sea water contacts 
directly with the LNG1 5 supplied into the tank by a pump 14. The LNG15 deprives the sea water 1 1 of heat 
and is discharged as NG16 from the tank 13. Part of the NG reacts with the sea water 11 and forms hydrate. 
The slurry consisting of the hydrate and the sea water is transferred into a decomposing tank 17, where the 
hydrate is decomposed under reduced pressure and is separated to the NG and water. The water is frozen 
to ice by the heat of decomposition. The decomposition is continued for >=7min. The slurry consisting of the 
sea water and the ice is fed into a decomposing tank 18, where the slurry is separated to ice and brine. The 
ice is washed with part 24A of the fresh water 24 formed in a thawing tank 23 and is then fed into the tank 
23. 
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Specification 

Title of the Invention: LNG direct contact frozen seawater desalination method 



Claims: 



1 . In an LNG vaporization method whereby LNG is gasified, an LNG direct contact frozen 
seawater desalination method characterized by allowing LNG and seawater to come in direct 
contact, the hydrate formed by this direct contact to decompose under reduced pressure such that 
it is converted into ice, and subsequent to that this ice to dissociate from the seawater and at the 
same time to melt to be desalinated. 

2. An LNG direct contact frozen seawater desalination method as set forth in claim 1, 
characterized by the duration of hydrate decomposition under reduced pressure being 7 minutes 
or longer. 

3. An LNG direct contact frozen seawater desalination method as set forth in claim 1, 
characterized by the seawater used for the ice to melt being used for the direct contact with the 
LNG. 

Detailed Description of the Invention: 

The present invention relates to a seawater desalination method whereby LNG (liquified 
natural gas) and seawater are brought into direct contact. 

In recent years due to the worsening petroleum situation and the direction towards clean 
energy the amount of LNG used has been on the rise over the years. 

[Page 435, right-hand column] 

LNG is cooled and liquified in the production region and transported to the region where 
it is consumed. In the region where it is consumed it is heated and gasified to be used. Since 
LNG possesses about 200 Kcal/kg as cold heat, what is regarded important from the standpoint 
of energy-saving [the Chinese character in the Japanese text the translator translated as Asaving@ 
here is not a character ordinarily used in a phrase Aenergy-saving@ but a Chinese character for 
Aerase, eliminate, etc.,@ with the same vocalization. Thus the translator believes the Chinese 
character intended here was that for Asave@ and not Aerase@ judged from the context.] is to work 
out an effective utilization thereof. 

While (1) open rack method and (2) submerge method have conventionally been 
employed as a method of gasifying LNG, neither method can effectively utilize cold heat LNG 
possesses. As a method of utilizing LNG=s cold heat, cold heat power generation, low- 
temperature storage, seawater desalination, etc., can be considered. Methods of desalinating 
seawater are a method whereby LNG=s cold heat is transferred to a refrigerant with a high 
boiling point and this refrigerant and seawater are placed in direct contact and a method whereby 
LNG and seawater are placed in direct contact. There is no heat exchanger with the method 
whereby LNG and seawater are placed in direct contact, the heat exchange property thereof being 
extremely good, being capable of transferring the cold heat of LNG to seawater and of making 
LNG into NG (natural gas). The flow of this direct contact method is illustrated in Fig. 1 . 

[Page 436, upper left-hand column] 

1 refers to seawater, 2 to a seawater pump, 4 to LNG, and 5 to an LNG pump, and seawater 1 and 
LNG 4 are brought in direct contact in a crystallization tank 8, LNG 4 transferring cold heat to 
the seawater to become NG 3 . At that time, as the volume of seawater 1 is reduced with respect 
to LNG 4, ice crystals and a hydrate (hydrocarbon hydrate) are formed in the seawater. The 
amount of hydrate formed varies depending on the composition of LNG, crystallization pressure, 



and crystallization temperature. In addition, 6 refers to a brine pump, and 7 to brine. Fig. 2 
indicates the formation region of LNG hydrate of CH4 89 mol%, and when the pressure is 10 
Kg/cm 2 G or greater, the generation thereof begins to be marked. The result of the basic study 
has shown that the formation of hydrate takes precedence over that of ice in the region wherein 
hydrate is formed. And, we learned that hydrate is hardly formed when the crystallization 
pressure is 10 kg/cm 2 G or less and that the generation of ice takes precedence. Hydrate is, as 
illustratively shown in Figs. 3 (a) and (b), a hydrocarbon molecule surrounded with water 
molecules around it through hydrogen bonding, and is converted into an ice crystal as the 
hydrocarbon at the center is easily gasified under reduced pressure. 

[Page 436, upper right-hand column] 

While hydrate is in a crystal form, it is difficult to separate solid from liquid since the size of 
hydrate particles formed by the direct contact of LNG and seawater is on the order of about 40 
G>m, and there is no possibility of the method of separating and washing them in the state of 
hydrate becoming a reality. 

The present invention was made with the above-described situation in view, and aims at 
effectively recovering as fresh water hydrate formed by LNG and seawater being brought into 
direct contact. 

Namely, the characteristic of the present invention lies with, in an LNG vaporization 
method whereby LNG is gasified, an LNG direct contact frozen seawater desalination method 
which allows LNG and seawater to come in direct contact, the hydrate formed by this direct 
contact to decompose under reduced pressure such that it is converted into ice, and subsequent to 
that this ice to dissociate from the seawater and at the same time to melt to be desalinated 

In the following one example of the present invention will be described on the basis of 
Fig. 4. 13 refers to a crystallization tank wherein seawater 1 1 fed in by a seawater pump 12 and 
LNG 15 supplied by an LNG pump 14 are brought into direct contact, 16 to vaporized NG, 17 to 
the decomposition tank wherein the hydrate discharged from the crystallization tank 13 is 
decomposed under reduced pressure and converted into ice, 

[Page 436, lower left-hand column] 

18 to a dissociation tank dissociating the slurry composed of seawater and ice into ice and brine, 
and 23 to a melting tank wherein ice and seawater 26 are brought into an indirect contact and 
melted. 19 refers to the brine dissociated in the dissociation tank 1 8, 20 to the brine pump 
therefor, 21 to the circulation water circulating a portion of brine 19 back to the crystallization 
tank 13, 22 to the circulation pump therefor, and 24 to the fresh water formed in the melting tank 
23, a portion of which is used as washing water 24A to wash the ice in the dissociation tank 18. 
25 refers to the circulation pump circulating the fresh water 24B formed in the melting tank 23 
back to the dissociation tank 18, 27 to a fresh water pump, 28 to cold seawater, and 29 to a 
washing water pump. 

Now, seawater 1 1 is fed into the crystallization tank 13 by the seawater pump 12 and 
comes into direct contact with LNG 1 5 supplied by LNG pump 14. LNG 1 5 robs heat off 
seawater 1 1 to become NG 16 and discharged from the crystallization tank 13, and a portion of 
the NG reacts with seawater 1 1 to form a hydrate. The slurry composed of seawater and hydrate 
is transferred from the crystallization tank 13 to the decomposition tank 17. 
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While the hydrate decomposes in the decomposition tank 1 7 under reduced pressure and 
dissociates into NG 16 and the water content, due to decomposition heat water converts into ice. 
The decomposition time then is to be 10 minutes or longer. Next, the slurry composed of 
seawater and ice is transferred from the decomposition tank 16 to the dissociation tank 18, and in 
the dissociation tank 18 the slurry dissociates into ice and brine 19. While brine 19 is discharged 
with the brine pump 20, a portion thereof is returned to the crystallization tank 13 as circulation 
water 21 with the circulation pump 22. The ice dissociated in the dissociation tank 18 is, after 
being washed with a portion 24 A of fresh water 24 formed in the melting tank 23, transferred to 
the melting tank 23 as the fresh water 24B is circulated from the melting tank 23 with the 
circulation pump 25. In melting tank 23, ice is melted by the seawater 26 being brought into 
indirect contact to form fresh water 24. Fresh water 24 is supplied to the utilization facility by 
the fresh water pump 27. Seawater 26 used to melt ice becomes cold seawater 28 and utilized as 
part of the seawater introduced into the crystallization tank 13 to enhance the degree of effective 
utilization of cold heat. 

While the present invention is, as previously described, to decompose hydrate under 
reduced pressure to be converted into ice crystals, to dissociate ice crystals from brine and to 
wash [them] and recover fresh water, 

[Page 437, upper left-hand column] 

the particle diameter of the ice crystal formed when the decomposition is rapidly performed 
under reduced pressure results in being close to the particle diameter of the hydrate, as shown in 
Fig. 3, and an enhanced dissociation performance from brine cannot be anticipated. Fig. 5 
illustrates the duration of pressure reductio from crystallization pressure to ambient pressure and 
the particle diameters of ice crystals formed then. While the particle diameter is small when the 
decomposition time is short, it is possible to increase by lengthening decomposition time the ice 
crystal particle diameter formed. 

For [the decomposition time of] 10 minutes or longer, the size of the particle diameter 
thereof reaches to a nearly constant [value]. At the decomposition time 7 minutes the particle 
diameter increases to about 75% of the saturation value. Accordingly, it is thought that 7 
minutes or longer would be sufficient. 

According to the present invention, the hydrate formed by LNG and seawater being 
brought into direct contact can be effectively recovered as fresh water. 

Brief Description of the Drawings: 

Fig. 1 is an descriptive diagram illustrating the heat exchange of LNG and seawater in 
direct contact, Fig. 2 a line graph illustrating the region of hydrate formed, Fig. 3 graphical 
drawings of hydrate, 

[Page 437, upper right-hand column] 

Fig. 4 a block diagram illustrating an example of the present invention, and Fig. 5 a line graph 
illustrating the relation between the decomposition under reduced pressure from crystallization 
pressure to ambient pressure and the particle diameters of the ice crystals. 

11 Seawater, 15 LNG, 9 Crystallization tank, 17 Decomposition tank, 



1 8 Dissociation tank, 23 Melting tank, 24 Fresh water, 28 Cold 

seawater. 



[Lower portion of the page] 
Fig. 1 



[Drawing] 



Agent Patent Attorney [Benrishi] Akio Takahashi (seal) 
Fig. 3 



(a) 

[Drawing] 



(b) 

[Drawing] 



Fig. 2 Fig- 4 

[Graph] [Drawing] 
[Label for Y axis] 

Crystallization pressure 
[Label for X axis] 

Crystallization temperature 
[Label for the area with oblique lines between 

the axes] 

Hydrate formation region 

[Page 438, upper left-hand portion of the page] 
[Graph] 

[Label for Y axis] 

Ice crystal particle diameter 
[Label for X axis] 

Reduced pressure decomposition time 

[Page 438, upper right-hand portion of the page] 

Continued from page 1 . 

(72) Inventor: Akiyoshi Takahashi 

c/o Hitachi Research Laboratory, Hitachi, Ltd., 
3-1-1, Saki-machi, Hitachi City 

(7 1 ) Applicant: Hitachi, Ltd. 

1-5-1, Marunouchi, Chiyoda-ku, Tokyo 



[Page 435, upper half of the page] 

(19) Japanese Patent Office (JP) 

(12) Laid-Open Patent Gazette (A) 

(11) Patent Application Laid-Open: Sho 58-109179 

(51) Int. CL 3 Identification Codes Office Reference No. (43) Laid-Open Date: June 29, 

ShowaS8(1983) 

C 02 F 1/22 6685-4D 

Number of Inventions: 1 
Request for Examination: Yet to be 
made 

. (4 pages in total) 

(54) LNG direct contact frozen seawater desalination method 

(21) Patent Application No.: Sho 56-206983 

(22) Date of Patent Application: December 23, Showa 56 (1981) 



(72) Inventor: 
(72) Inventor: 
(72) Inventor: 



(72) Inventor: 



(72) Inventor: 



(72) Inventor: 



(71) Applicant: 
(74) Agent: 



Takehiko Uchigami 

2- 39-25, Sagamigaoka, Zama City 
Nobuo Nikaido 

4-20-13, Taen Chofii, Ota-ku, Tokyo 
Narioki, Nishimura 

c/o Hitachi Research Laboratory, Hitachi, Ltd., 

3- 1-1, Saki-machi, Hitachi City 
Tetsuro Adachi 

c/o Hitachi Research Laboratory, Hitachi, Ltd., 

3-1-1, Saki-machi, Hitachi City 

Toshimi Mutsukushi[or Rokushi] 

c/o Hitachi Research Laboratory, Hitachi, Ltd., 

3-1-1, Saki-machi, Hitachi City 

Katsuya Eto 

c/o Hitachi Research Laboratory, Hitachi, Ltd., 

3-1-1, Saki-machi, Hitachi City 

Tokyo Gas Co., Ltd. 

1-2-16, Yaesu, Chuo-ku, Tokyo 

Patent Attorney [Benrishi] Akio Takahashi 

To be continued onto the last page. 



[Page 435, lower half of the page] 
[Page 435, left-hand column] 



Specification 



Title of the Invention: LNG direct contact frozen seawater desalination method 



Claims: 



1 . In an LNG vaporization method whereby LNG is gasified, an LNG direct contact frozen 
seawater desalination method characterized by allowing LNG and seawater to come in direct 
contact, the hydrate formed by this direct contact to decompose under reduced pressure such that 
it is converted into ice, and subsequent to that this ice to dissociate from the seawater and at the 
same time to melt to be desalinated. 

2. An LNG direct contact frozen seawater desalination method as set forth in claim 1, 
characterized by the duration of hydrate decomposition under reduced pressure being 7 minutes 
or longer. 

3. An LNG direct contact frozen seawater desalination method as set forth in claim 1, 
characterized by the seawater used for the ice to melt being used for the direct contact with the 
LNG. 

Detailed Description of the Invention: 

The present invention relates to a seawater desalination method whereby LNG (liquified 
natural gas) and seawater are brought into direct contact. 

In recent years due to the worsening petroleum situation and the direction towards clean 
energy the amount of LNG used has been on the rise over the years. 

[Page 435, right-hand column] 

LNG is cooled and liquified in the production region and transported to the region where 
it is consumed. In the region where it is consumed it is heated and gasified to be used. Since 
LNG possesses about 200 Kcal/kg as cold heat, what is regarded important from the standpoint 
of energy-saving [the Chinese character in the Japanese text the translator translated as Asaving@ 
here is not a character ordinarily used in a phrase Aenergy-saving@ but a Chinese character for 
Aerase, eliminate, etc.,@ with the same vocalization. Thus the translator believes the Chinese 
character intended here was that for AsaveS and not Aerase @ judged from the context.] is to work 
out an effective utilization thereof. 

While (1) open rack method and (2) submerge method have conventionally been 
employed as a method of gasifying LNG, neither method can effectively utilize cold heat LNG 
possesses. As a method of utilizing LNG=s cold heat, cold heat power generation, low- 
temperature storage, seawater desalination, etc., can be considered. Methods of desalinating 
seawater are a method whereby LNG=s cold heat is transferred to a refrigerant with a high 
boiling point and this refrigerant and seawater are placed in direct contact and a method whereby 
LNG and seawater are placed in direct contact. There is no heat exchanger with the method 
whereby LNG and seawater are placed in direct contact, the heat exchange property thereof being 
extremely good, being capable of transferring the cold heat of LNG to seawater and of making 
LNG into NG (natural gas). The flow of this direct contact method is illustrated in Fig. 1 . 

[Page 436, upper left-hand column] 

1 refers to seawater, 2 to a seawater pump, 4 to LNG, and 5 to an LNG pump, and seawater 1 and 
LNG 4 are brought in direct contact in a crystallization tank 8, LNG 4 transferring cold heat to 
the seawater to become NG 3. At that time, as the volume of seawater 1 is reduced with respect 
to LNG 4, ice crystals and a hydrate (hydrocarbon hydrate) are formed in the seawater. The 
amount of hydrate formed varies depending on the composition of LNG, crystallization pressure, 



and crystallization temperature. In addition, 6 refers to a brine pump, and 7 to brine. Fig. 2 
indicates the formation region of LNG hydrate of CH4 89 mol%, and when the pressure is 10 
Kg/cm 2 G or greater, the generation thereof begins to be marked. The result of the basic study 
has shown that the formation of hydrate takes precedence over that of ice in the region wherein 
hydrate is formed. And, we learned that hydrate is hardly formed when the crystallization 
pressure is 10 kg/cm 2 G or less and that the generation of ice takes precedence. Hydrate is, as 
illustratively shown in Figs. 3 (a) and (b), a hydrocarbon molecule surrounded with water 
molecules around it through hydrogen bonding, and is converted into an ice crystal as the 
hydrocarbon at the center is easily gasified under reduced pressure. 

[Page 436, upper right-hand column] 

While hydrate is in a crystal form, it is difficult to separate solid from liquid since the size of 
hydrate particles formed by the direct contact of LNG and seawater is on the order of about 40 
Om, and there is no possibility of the method of separating and washing them in the state of 
hydrate becoming a reality. 

The present invention was made with the above-described situation in view, and aims at 
effectively recovering as fresh water hydrate formed by LNG and seawater being brought into 
direct contact. 

Namely, the characteristic of the present invention lies with, in an LNG vaporization 
method whereby LNG is gasified, an LNG direct contact frozen seawater desalination method 
which allows LNG and seawater to come in direct contact, the hydrate formed by this direct 
contact to decompose under reduced pressure such that it is converted into ice, and subsequent to 
that this ice to dissociate from the seawater and at the same time to melt to be desalinated 

In the following one example of the present invention will be described on the basis of 
Fig. 4. 13 refers to a crystallization tank wherein seawater 1 1 fed in by a seawater pump 12 and 
LNG 15 supplied by an LNG pump 14 are brought into direct contact, 16 to vaporized NG, 17 to 
the decomposition tank wherein the hydrate discharged from the crystallization tank 13 is 
decomposed under reduced pressure and converted into ice, 
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18 to a dissociation tank dissociating the slurry composed of seawater and ice into ice and brine, 
and 23 to a melting tank wherein ice and seawater 26 are brought into an indirect contact and 
melted. 1 9 refers to the brine dissociated in the dissociation tank 1 8, 20 to the brine pump 
therefor, 21 to the circulation water circulating a portion of brine 19 back to the crystallization 
tank 1 3, 22 to the circulation pump therefor, and 24 to the fresh water formed in the melting tank 
23, a portion of which is used as washing water 24A to wash the ice in the dissociation tank 18. 
25 refers to the circulation pump circulating the fresh water 24B formed in the melting tank 23 
back to the dissociation tank 18, 27 to a fresh water pump, 28 to cold seawater, and 29 to a 
washing water pump. 

Now, seawater 1 1 is fed into the crystallization tank 13 by the seawater pump 12 and 
comes into direct contact with LNG 15 supplied by LNG pump 14. LNG 15 robs heat off 
seawater 1 1 to become NG 16 and discharged from the crystallization tank 13, and a portion of 
the NG reacts with seawater 1 1 to form a hydrate. The slurry composed of seawater and hydrate 
is transferred from the crystallization tank 13 to the decomposition tank 17. 
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While the hydrate decomposes in the decomposition tank 17 under reduced pressure and 
dissociates into NG 16 and the water content, due to decomposition heat water converts into ice. 
The decomposition time then is to be 10 minutes or longer. Next, the slurry composed of 
seawater and ice is transferred from the decomposition tank 16 to the dissociation tank 18, and in 
the dissociation tank 18 the slurry dissociates into ice and brine 19. While brine 19 is discharged 
with the brine pump 20, a portion thereof is returned to the crystallization tank 13 as circulation 
water 21 with the circulation pump 22. The ice dissociated in the dissociation tank 18 is, after 
being washed with a portion 24A of fresh water 24 formed in the melting tank 23, transferred to 
the melting tank 23 as the fresh water 24B is circulated from the melting tank 23 with the 
circulation pump 25. In melting tank 23, ice is melted by the seawater 26 being brought into 
indirect contact to form fresh water 24. Fresh water 24 is supplied to the utilization facility by 
the fresh water pump 27. Seawater 26 used to melt ice becomes cold seawater 28 and utilized as 
part of the seawater introduced into the crystallization tank 13 to enhance the degree of effective 
utilization of cold heat. 

While the present invention is, as previously described, to decompose hydrate under 
reduced pressure to be converted into ice crystals, to dissociate ice crystals from brine and to 
wash [them] and recover fresh water, 
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the particle diameter of the ice crystal formed when the decomposition is rapidly performed 
under reduced pressure results in being close to the particle diameter of the hydrate, as shown in 
Fig. 3, and an enhanced dissociation performance from brine cannot be anticipated. Fig. 5 
illustrates the duration of pressure reductio from crystallization pressure to ambient pressure and 
the particle diameters of ice crystals formed then. While the particle diameter is small when the 
decomposition time is short, it is possible to increase by lengthening decomposition time the ice 
crystal particle diameter formed. 

For [the decomposition time of] 10 minutes or longer, the size of the particle diameter 
thereof reaches to a nearly constant [value]. At the decomposition time 7 minutes the particle 
diameter increases to about 75% of the saturation value. Accordingly, it is thought that 7 
minutes or longer would be sufficient. 

According to the present invention, the hydrate formed by LNG and seawater being 
brought into direct contact can be effectively recovered as fresh water. 

Brief Description of the Drawings: 

Fig. 1 is an descriptive diagram illustrating the heat exchange of LNG and seawater in 
direct contact, Fig. 2 a line graph illustrating the region of hydrate formed, Fig. 3 graphical 
drawings of hydrate, 
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Fig. 4 a block diagram illustrating an example of the present invention, and Fig. 5 a line graph 
illustrating the relation between the decomposition under reduced pressure from crystallization 
pressure to ambient pressure and the particle diameters of the ice crystals. 

11 Seawater, 15 LNG, 9 Crystallization tank, 17 Decomposition tank, 
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seawater. 



Dissociation tank, 23 Melting tank, 24 Freshwater, 28 Cold 
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